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UV radiation, in particular UVB, suppresses the skin immune response. In patients with polymorphous light
eruption (PLE) the skin immune response seems activated after UV exposure. Typical PLE skin lesions can occur
as early as several hours after UV exposure. In healthy volunteers, neutrophils inﬁltrate the skin shortly after UV
exposure. The kinetics and mechanisms of neutrophil inﬁltration in the skin of PLE patients after UVB exposure
was studied. Skin biopsies at 0, 3, 6, and 18 h were taken from ﬁve PLE patients and six healthy controls after
irradiation with three minimal erythema dose UVB. Furthermore, neutrophils were isolated from blood of ﬁve PLE
patients and six healthy controls to test their chemotactic activity. Immunohistochemical analysis showed a
signiﬁcant decreased neutrophil inﬁltration in PLE skin after UVB irradiation compared with healthy controls
(po0.05). In both healthy controls and PLE patients, after UVB irradiation, ICAM-1 and E-selectin expression on
endothelial cells increased at 6 h after irradiation. Blood neutrophil chemotactic response towards IL-8 and C5a, as
well as the expression of cell surface markers involved in adhesion and chemotaxis, was not different between PLE
patients and healthy controls. In conclusion, PLE is marked by a decreased skin inﬁltration of neutrophils after UVB
irradiation, possibly leading to a diminished neutrophil-induced suppression.
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Polymorphous light eruption (PLE) is a photosensitivity
disorder of which the pathogenesis is not fully understood.
PLE patients develop pruritic erythematous, papular, vesi-
cular, or plaque-like lesions on sunlight-exposed areas of
the skin within several hours to days after UV exposure.
Because of the clear delay between sunlight exposure and
the onset of skin lesions, PLE is often suggested to be a
delayed-type (type IV) of hypersensitivity (DTH) reaction.
The histological appearance of dense superficial and
perivascular dermal lymphocytic infiltrates in skin of PLE
patients further supports this (Norris et al, 1992; Verheyen
et al, 1995; Epstein, 1997).
UV radiation, in particular the UVB range (280–315 nm),
suppresses the skin immune response (Duthie et al, 1999).
In PLE patients, however, UV exposure seems to result in an
activation of the skin immune response. PLE lesions can be
elicited already within 1 h after UV exposure, where a clas-
sical DTH response takes more time to develop (Cooper,
1996). This suggests that in PLE early pathogenic mechan-
isms, independent of DTH, are active.
It is known for a long time that neutrophils migrate to the
skin shortly after UV exposure (Hawk et al, 1988). The aim of
this study was to analyze the kinetics and mechanisms of
neutrophil infiltration in the skin of PLE patients during the
first hours after UVB exposure.
Results
Phototesting After irradiation with three MED of UVB on un-
affected buttock skin, erythema reaction was scored at t¼ 3,
6, and 18 h. Table I shows the MED and observed erythema
in time for most healthy controls and PLE patients. The
mean MED in healthy controls was 88.8  34.4 mJ per cm2
and in PLE patients 88.0  24.0 mJ per cm2. None of the
patients developed a positive buttock skin reaction after
this single exposure with three MED UVB.
UVB irradiation induces signiﬁcant fewer inﬁltrating
neutrophils in the skin of PLE patients In unirradiated
buttock skin no neutrophils, visualized by their elastase
content, were found in healthy controls, as well as PLE
patients. After UVB irradiation, neutrophils were present in
the dermis of two of six healthy controls 3 h after irradiation
and were significantly increased in all healthy controls at 6 h
(po0.05). The number of infiltrating neutrophils after UVB
irradiation was significantly less in PLE patients compared
with healthy controls (po0.05 at 18 h). (Figs 1 and 2).
The intrinsic properties of neutrophils to react to a
chemotactic stimulus are not impaired in PLE patients
In Fig 3A it is shown that the reaction of peripheral blood
neutrophils towards an increasing concentration of IL-8
shows a concentration-dependent response. The response
towards IL-8 is similar in neutrophils of PLE patients and
healthy controls. Besides IL-8, the chemotactic response of
Abbreviations: EC, endothelial cells; MED, minimal erythema dose;
PBS, phosphate-buffered saline; PLE, polymorphous light eruption
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blood neutrophils towards C5a was tested (Fig 3B). Again,
no difference was observed between neutrophils of PLE
patients and healthy controls. Several cell surface markers
on blood neutrophils, involved in adhesion and chemotaxis,
were stained and analyzed by flow cytometry (Fig 4). No
difference was found in cell surface marker expression on
the neutrophils between PLE patients and healthy controls.
Expression of E-selectin after UVB irradiation in PLE
patients Figure 5A and B show EC expression of,
respectively, ICAM-1 and E-selectin after UVB irradiation
in time. ICAM-1 was constitutively expressed on EC in
unirradiated skin (mean (  SEM) for healthy controls
44.7  3.0 cells per mm2, for PLE patients 57.3  3.3 cells
per mm2) (data not shown). The ICAM-1 protein expression
was increased at 6 and 18 h after UVB irradiation, similar in
both PLE patients and healthy controls (Fig 5A). The number
of E-selectin expressing EC was low in unirradiated skin
(mean (  SEM) of healthy controls (1.5  0.5 cells per
mm2), or PLE patients 2.8  1.5 cells per mm2) (data not
shown). At 6 h after UVB irradiation the number of E-selectin
expressing EC increased significantly in both healthy
controls and PLE patients (po0.05). The trend of increase
in PLE patients is lower, but not significantly lower,
compared with healthy controls. (Fig 5B). VCAM-1 was
not expressed in unirradiated skin of healthy controls and
PLE patients. After UVB irradiation, no increase in VCAM-1
expressing EC was found in both healthy controls and PLE
patients (data not shown).
Discussion
The kinetics and mechanisms of neutrophil skin infiltration in
the onset of PLE were studied. Our results clearly
demonstrated a significant impaired infiltration of neutro-
phils into the skin of PLE patients compared with healthy
controls after irradiation of buttock skin with three MED
UVB (Fig 2). CD4þ T cells and macrophages enter the UV
exposed skin, but at a later time point than neutrophils (Terui
and Tagami, 2000; Teunissen et al, 2002). We also stained
CD3þ T cells, which are mainly CD4þ T cells in the
unirradiated skin (Teunissen et al, 2002). The increase in the
number of CD3þ T cells 6 h after UVB irradiation was equal
in healthy controls and PLE patients (data not shown).
CD68þ macrophages showed the same kinetics as the
influx of T cells, and also no difference was found between
healthy controls and PLE patients (data not shown).
Neutrophils present in UV exposed skin are recruited from
the peripheral blood by a coordinated repertoire of
Table I. Minimal erythema dose (Philips TL12, UVB) and
erythema response in time after 3 MED UVB irradiation in
healthy controls and PLE patients
Visual erythema score
(after UVB)
MED
(mJ/cm2) 0 h 3 h 6 h 18 h
Control 1 150   þ / þ
2 75  þ þ þ
3 105  ND ND ND
4 75  þ / þ / þ
5 75  þ / þ / þ
6 53  þ / þ þ
Mean controls 88.8
PLE 1 80   þ / ND
2 56  þ þ þ
3 112  þ / þ þ
4 80   þ þ
5 112  þ / þ þ
Mean PLE 88.0
() negative, (þ /) slight erythema, (þ ) clear erythema, (ND) not
determined.
Health y 
cont rol
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Unexposed skin 3 h 6 h 18 h
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E F G H
Figure 1
Neutrophil elastase staining in the dermis of a healthy control and PLE patient after three MED UVB. (AþE) Unexposed (UV), (B–DþF–H)
hours after UVB exposure (þUV 3, 6, 18 h). UVB dose given in these volunteers was equal. Scale bar: 50 mm.
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adherence to vascular endothelium, diapedesis out of the
bloodstream, and subsequent migration into the skin
towards the UV challenged site (Middleton et al, 2002).
The intrinsic chemotactic capacity of blood neutrophils
towards IL-8 and C5a, as well as the expression pattern of
cell surface receptors, was similar in PLE patients and
healthy controls (Figs 3 and 4). We could not determine the
subsequent chemotactic capacity of neutrophils once
inside the skin. Since four of six healthy controls and three
of five PLE patients showed the presence of neutrophils in
the epidermis 18 h after irradiation (data not shown),
however, we hypothesize that once in the tissue, the
migration capacity of the neutrophils is similar in PLE
patients and healthy controls. Leino et al (1999) showed
reduction in the phagocytosis and adhesive function of
leukocytes in healthy human volunteers after whole-body
irradiation with UVB, possibly due to downregulation of cell-
surface receptors. Furthermore, de la Fuente et al (2001)
showed both decreased phagocytosis and IL-8 induced
chemotaxis in polymorphonuclear cells of patients with
systemic lupus erythematosus (SLE). Compared with
changes in leukocyte function after whole-body irradiation,
PLE lesions can be elicited on small UV irradiated skin
areas. Therefore, it seems unlikely that reduced neutrophil
infiltration in PLE skin is caused by impaired function of
circulating neutrophils. Unlike SLE, however, PLE has never
been described as a systemic disease, and decreased
numbers of infiltrating neutrophils will probably not be due
to systemic effects, but more due to modulation of the skin
immune response.
Neutrophils enter the skin via binding of adhesion
molecules expressed on the dermal endothelium (Middleton
et al, 2002). We showed that 18 h after UVB irradiation an
increase in ICAM-1 expressing EC was similar in PLE
patients and healthy controls (Fig 5A). E-selectin expression
on EC was increased 6 h after UVB irradiation in both
healthy controls and PLE patients. Possibly due to small
numbers, the lower increase in E-selectin expression on EC
in PLE patients was not significantly diminished from
healthy controls (Fig 5B). E-selectin expression after UVB
irradiation may play a role in the recruitment of neutrophils
and thus indirectly in the early pathogenesis of PLE. It has
been shown before that E-selectin expression on EC is
rapidly increased within 6 h after UVB irradiation and mimics
the kinetics of neutrophil influx into the skin (Norris et al,
1992; Strickland et al, 1997). The same holds true for our
data (Figs 2 and 5B).
After UV irradiation, keratinocytes can produce tumor
necrosis factor-a (TNF-a) and IL-8 (Strickland et al, 1997;
Nakamura et al, 2000). Furthermore, TNF-a can upregulate
the expression of E-selectin and IL-8 by EC (Kuijpers et al,
1992; Norris et al, 1992). Using immunohistochemical
techniques we were not able to reliably quantify epidermal
and dermal TNF-a expressions nor IL-8 expression after
UVB irradiation.
We hypothesize that the decreased number of neutro-
phils, or neutrophil products, in the skin of PLE patients
after UVB irradiation may alter the local cytokine milieu in
the skin and thus play a role in the induction of PLE. For a
long time, neutrophils that infiltrated UV exposed skin were
thought to be mainly involved in repair processes of UV
damaged skin (Hawk et al, 1988; Strickland et al, 1997). It
was not until recently that it was discovered that neutrophils
can produce a variety of cytokines with an immune
suppressive effect (like IL-4 and IL-10) and thereby may
play a regulatory role in immune reactions (Terui and
Tagami, 2000; Teunissen et al, 2002). Less neutrophil
infiltration in PLE skin may lead to impaired local production
of IL-4 and IL-10, thereby altering the local skin milieu after
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Figure 2
Number of elastase positive neutrophils in the dermis in time after
three MED UVB. ( ) Controls (n¼ 6), ( ) PLE patients
(n¼5). Mean number of cells mm2  SEM, statistical significance
po0.05, at t¼18 h, between control group and PLE group.
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Figure 3
Chemotactic response of neutrophils towards IL-8 and C5a (A,B). ( ) Controls (n¼6), ( ) PLE patients (n¼5). Migratory index
(mm cell),  SEM, calculated for triplicate samples.
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UVB irradiation, eventually leading to activation of the skin
immune response instead of suppression In conclusion, in
this study we investigated the early, possibly initiating,
immunological changes after UVB exposure to the skin in
PLE patients. We showed that in PLE patients significantly
less neutrophils infiltrated the skin after irradiation com-
pared with healthy controls, most probably due to a local
and not systemic pathogenic mechanisms.
Materials and Methods
Subjects For immunohistochemical analysis, five patients (three
males and two females, ages between 28 and 44 y, mean age 35 y)
with moderate-to-severe PLE with normal minimal erythema dose
(MED) and six healthy controls (four males and two females, ages
between 19 and 39 y, mean age 24 y) were studied. PLE patients
with a positive skin reaction on UVB irradiation, with or without a
reaction on UVA irradiation were included. A positive skin reaction
was defined as elicitation of typical PLE skin lesions after a
maximum of four daily increasing exposures with UVB. Patients
who received UVB hardening therapy or used oral immunosup-
pressive medication were excluded. The buttock skin of patients
and healthy controls needed to be restricted from sunlight or
tanning bed exposure for at least 6 wk.
For chemotaxis and flow cytometric analysis of neutrophils, five
UVB sensitive, moderate-to-severe, PLE patients (ages between
39 and 84 y, mean age 55) and six healthy controls (ages between
24 and 40 y, mean age 35) were included. The medical ethical
committee of the University Medical Center Utrecht approved all
described studies and the participants gave their written consent.
Phototesting procedures The MED of the buttock skin was
determined using a Philips (Philips, Eindhoven, The Netherlands)
TL12 lamp (57.7% of UV output in UVB (280–315 nm)), as
described by Boonstra et al (2000). Subsequently, the unaffected
buttock skin was exposed to three MED UVB. Four-millimeter
punch biopsies (under local anesthetics using 2% xylocaine with
adrenalin) were obtained 3, 6, and 18 h after irradiation, together
with a control biopsy from the unirradiated buttock skin. Biopsies
were snap-frozen in liquid nitrogen and stored at 801C until use.
Reagents Levamisol, naphthol AS-BI/AS-MX phosphate, Fast
Blue BB Salt, N,N-dimethylformamide (DMF) and 3-amino-ethyl-
carbazole (AEC) were all purchased from Sigma (St Louis,
Missouri). New Fuchsine was purchased from Merck (Darmstadt,
Germany). IL-8 was purchased from Peprotech Inc (Rocky Hill,
New Jersey), and C5a from Sigma. Incubation buffer contained
20 mM Hepes, 132 mM NaCl, 6 mM KCl, 1 mM MgSO4, 1.2 mM
KH2PO4, supplemented with 5 mM glucose, 1.0 mM CaCl2, and
0.5% (vol/vol) human serum albumin (HSA). FACS-buffer contained
phosphate-buffered saline (PBS), supplemented with 5% fetal calf
serum and 0.5% NaN3. Ficoll-Paque was purchased from
Amersham Biosciences (Uppsala, Sweden). Weigert solution
contained [1% (vol/vol) haematoxylin in ethanol/70 nM acidic
FECl3, 1:1 (vol/vol)].
Antibodies For immunohistochemical stainings, monoclonal anti-
bodies against elastase (clone NP57, DAKO A/S, Glostrup,
Denmark, diluted 1:40), E-selectin (CD62E; clone BB16-E4(5D11),
R&D Systems, Minneapolis, Minnesota, diluted 1:20), ICAM-1
(CD54; Genzyme, Cambridge, Massachusetts, diluted 1:25), and
VCAM-1 (CD106; DAKO A/S, diluted 1:25) were used. The
biotinylated-ULEX (europaeus lectin-type 1) antibody was pur-
chased from DAKO A/S (diluted 1:50). Biotinylated horse anti-
mouse immunoglobulin (Vector, Burlingame, California, diluted
1:800) was used as secondary antibody. Alkaline phosphate-
labeled Streptavidin (DAKO A/S, diluted 1:300) or horseradish
peroxidase-conjugated avidin–biotin complex (DAKO A/S, diluted
1:50) were used as detecting reagents. FACS analyses were
performed using monoclonal antibodies against the following cell
surface markers: DREG56 (anti-L-selectin; CD62L) was isolated
from the supernatant of a hybridoma obtained from the American
Type Culture Collection (Rockville, Maryland); PL-1 (anti-PSGL-1,
CD162) was purchased from Endogen (Boston, Massachusetts).
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Figure 5
Increase in endothelial cells (EC) expressing ICAM-1 (A), and E-selectin (B) after three MED UVB irradiation. ( ) Controls (n¼ 6),
( ) PLE patients (n¼5). Increase is calculated as change compared with number of adhesion molecule expressing EC at t¼ 0 h. Data are
displayed as mean  SEM.
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Figure 4
Cell surface markers on human neutrophils. (’) Controls (n¼6), (&)
PLE patients (n¼5). Data are expressed in corrected mean fluores-
cence intensity (MFI), calculated by subtracting MFI for isotype
controls. Data are based on geometric mean  SEM.
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CXCR1 (anti-IL8R1, clone 5A12) and CXCR2 (anti-IL8R2, clone
6C6) were purchased from Pharmagen (San Diego, California).
Direct-labeled antibodies FITC-conjugated CD11b, PE-conjugated
CD15s (both from Immunotech, Marseille, France) and FITC-
conjugated CD18 (DAKO A/S) were used. PE labeled goat anti-
mouse immunoglobulin (Southern Biotechnology, Birmingham,
Alabama) was used as secondary antibody. Control antibody W6/
32 (anti-HLA-A,B,C) was isolated from the supernatant of a
hybridoma obtained from the American Type Culture Collection.
Non-specific isotype matched control antibodies IgG1-FITC,
IgG-PE (Becton Dickinson, San Jose, California), and IgG1
(Southern Biotechnology) were used as negative controls.
Isolation of neutrophils Citrate-anti-coagulated blood was ob-
tained from healthy volunteers and PLE patients diluted 1:1 with
PBS. Mononuclear cells were removed by centrifugation over
isotonic Ficoll-Paque (1.076 g per mL). After lysis of the
erythrocytes in isotonic ice-cold NH4Cl solution, the granulocytes
were washed and resuspended in incubation buffer or isotonic
FACS-buffer. All preparations contained 497% neutrophils.
Migration assay with use of Boyden chamber Neutrophil
migration was measured in the modified Boyden chamber assay
as described by Coffer et al (1998). Briefly, chemotaxins IL-8 and
C5a were added to the lower compartments of the chamber and
resting granulocytes were placed in the upper compartment. The
chamber was incubated for 45 min at 371C. All migratory
responses were quantified using an automatic microscope (Leitz
DMRXE, Leica, Wetzlar, Germany) and an image analysis system
(Quantimet 570C, Leica Cambridge).
Flow cytometric analysis of neutrophil cell surface markers
Granulocytes were resuspended in isotonic FACS-buffer at a
concentration of 2  106 cells per mL. Antibodies were added in an
optimal concentration of 5 mg per mL for 30 min. Subsequently,
cells were washed in FACS-buffer. PE-coupled goat anti-mouse
antibody was added for 30 min, when an unconjugated detecting
antibody was used. Antibody binding was determined by flow
cytometry (FACSvantage, Becton Dickinson). Neutrophils were
identified according to their specific side-scatter and forward-
scatter signals (de Grooth et al, 1987).
Immunohistochemistry Frozen skin sections (6 mm) on 3-amino-
propyltriethoxysilane-coated glass slides were used for all experi-
ments. The glass slides were fixed for 10 min in dry acetone at
room temperature and incubated for 20 min in a 10% blocking
reagent [PBS, containing 10% normal human serum and 10%
normal horse serum] to prevent non-specific binding. The skin
sections were incubated at room temperature for 1 h with the
primary antibody, diluted in 1% blocking reagent [PBS containing
1% normal human serum and 1% normal horse serum]. The glass
slides were washed with PBS containing 0.05% Tween 20.
Subsequently, skin sections were incubated for 45 min with a
biotinylated horse anti-mouse antibody (diluted in 1% blocking
reagent) followed by an incubation with alkaline phosphate-labeled
streptavidin (diluted in 1% normal mouse serum) for 45 min.
Antibody binding was visualized by incubating the sections in
100 mL Tris–HCl buffer (pH 8.4) containing 10.2 g MgCl2, 9.6 mg
NaNO2, 250 mL New Fuchsine, 35 mg levamisol, and 50 mg
naphthol-ASBI (in 1 mL DMF). The skin sections were counter-
stained with Mayer’s hematoxylin.
For double stainings, primary antibody (E-selectin, ICAM-1 or
VCAM-1) together with a biotinylated ULEX antibody was used and
handled as described by de Vries et al (1998). All antibody
incubations were performed in a humidified chamber.
Quantiﬁcation of staining and statistical analysis The skin
sections were evaluated using a light microscope at  400 magnifi-
cation with a standard eyepiece. Single staining of neutrophils was
quantified by counting absolute number of cells per mm2. In double
stainings, the absolute number of dermal endothelial cells (EC)
expressing adhesion molecule binding was counted in number of
cells per mm2. Increase in EC expressing adhesion molecules was
calculated as change compared with t¼ 0 h. Statistical analysis was
done using a Mann–Whitney U test.
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